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Abstract

We establish a fundamental structural constraint gov-
erning the relationship between symmetric theoreti-
cal descriptions and asymmetric operational measure-
ments. We prove that every operationally specifiable
nonrigid (symmetry-rich) structure necessarily arises
as a quotient, reduct, or projection of a richer rigid
(distinguishability-rich) structure. This constraint,
which we term the Rigid-Nonrigid Transition Prin-
ciple, is not a modeling preference but a mechanical
necessity arising from finite specification and oper-
ational access requirements. We demonstrate that
this principle unifies gauge theory, quantum measure-
ment, spontaneous symmetry breaking, and observer-
interface effects under a single mathematical frame-
work. We formalize this constraint within the Un-
bounded Nested Number Sequences (UNNS) frame-
work, providing explicit falsification criteria, compu-
tational implementation with adaptive tolerance cal-
ibration, witness integrity monitoring, and sampling
convergence diagnostics. As empirical validation, we
show that UNNS-derived fundamental constants—
including the fine-structure constant o = 1/137.036
and Weinberg angle cos? 0y = 0.768—satisfy quo-
tient invariance under admissible interface transfor-
mations, demonstrating projection stability at sub-
1% precision using the refined computational frame-
work. This framework resolves longstanding ten-
sions between measurement asymmetry and theoret-
ical symmetry, establishing testable criteria for dis-
tinguishing genuine physical invariants from rigidifi-
cation artifacts.

1 Introduction

1.1 The
Paradox

Measurement-Symmetry

Modern physics exhibits a persistent structural ten-
sion: physical laws are formulated with maximal sym-
metry (gauge invariance, diffeomorphism invariance,
unitarity), yet measurements invariably break these
symmetries through apparatus choice, basis selection,
and reference frame specification. This tension man-
ifests across foundational domains:

1. Gauge theory: Potentials A, exhibit gauge
freedom, yet computations require gauge fixing
(Lorenz, Coulomb, axial gauges).

2. Quantum measurement: State vectors trans-
form under U(N), yet outcomes require pointer
basis selection.

3. Spontaneous symmetry breaking: La-
grangians preserve G-symmetry, yet realized
vacua select specific orientations in order-
parameter space.

4. General relativity: Laws are diffeomorphism-
invariant, yet calculations require coordinate
charts.

Standard interpretations treat this asymmetry as
pragmatic necessity or philosophical puzzle. We
demonstrate instead that it reflects a structural con-
straint: operational access to symmetric structures
necessarily proceeds through asymmetric representa-
tives.

1.2 Central Thesis

We prove the following:

Rigid-Nonrigid Transition Principle:
Every operationally specifiable nonrigid



(symmetry-rich) structure is obtained as a
reduct, quotient, or projection of a richer
rigid (distinguishability-rich) structure.

Equivalently: Symmetry-rich descriptions
are not constructed directly; they are de-
rived by forgetting distinguishability.

This is not a claim about specific physical theo-
ries but a consequence of finite specification, infor-
mation encoding, and operational reference require-
ments. Any system that supports:

Reference (element identification)
Encoding (state representation)
Comparison (operational equality)
Iteration (algorithmic access)

must admit distinguishable elements.
metry blocks initialization.

Perfect sym-

1.3 Scope and Organization
This paper:

1. Formalizes the rigid-nonrigid distinction mathe-
matically (Sec. 2)

2. Proves the descent constraint linking symmetry
to quotient structures (Sec. 3)

3. Demonstrates unification across gauge theory,
quantum measurement, SSB, and observer ef-
fects (Sec. 4)

4. Provides UNNS computational framework with
falsification criteria (Sec. 5)

5. Details production-ready computational imple-
mentation with five critical refinements (Sec. 5.5)

6. Validates through empirical constants: «a, Oy,
Maxwell structure (Sec. 6)

7. Analyzes failure modes demonstrating scientific
rigor (Sec. 7)

2 Mathematical Formalism

2.1 Rigid Structures

Definition 2.1 (Rigid Structure). A structure R =
(R,0) is rigid if:

(i) Elements of R are fully individuated (possess
unique internal identities)
(ii) The only structure-preserving automorphism is
the identity: Aut(R) = {id}
(iii) Distinguishability is maximal: any two elements
can be operationally separated

Examples:

Ordered tuples (z1,za,...
labels

Coordinate systems R™ with axis identification
Labeled graphs with vertex enumeration
Vector spaces with fixed basis {e;}

C represented as ordered pairs (a,b) € R?

,Zn) with positional

2.2 Nonrigid Structures

Definition 2.2 (Nonrigid Structure). A structure
N = (N, ') is nonrigid if:

(i) Some elements are operationally indiscernible
(i1) Nontrivial automorphisms exist: |Aut(N)| > 1
(i4i) Distinguishability is reduced relative to a rigid

presentation

Examples:

e C as a field (complex conjugation is nontrivial
automorphism)

e Gauge equivalence classes [A,] in Yang-Mills

theory

Projective spaces P™

Quantum state rays [¢] € H/U(1)

Degenerate ground state manifolds under G-

symmetry

2.3 The Forgetting Mechanism

Definition 2.3 (Rigidification and Forgetful Maps).
Let R be rigid and N nonrigid. A forgetful map is a
structure-preserving surjection

F: RN (1)

that drops structure (reduct), identifies distinctions
(quotient), or suppresses coordinates (projection).

The rigid-to-nonrigid transition occurs via:
F
R =N =F(R)

Canonical Example: Complex numbers.
Construction path:

define operations forget labels

R? (rigid) C (nonrigid)
(3)
The conjugation symmetry z +— Z appears after
forgetting coordinate structure, never before. Ini-
tially, (a,b) and (a,—b) are distinguishable ordered
pairs; only after quotienting to the field structure

does conjugation become an automorphism.



2.4 Why Rigidification is Structurally
Necessary

Theorem 2.4 (Construction Requires Individua-
tion). Any finite operational specification of a struc-
ture requires:

(i) Element reference (naming/addressing)
(i) Encoding in memory/registers
(iii) Equality comparison

(iv) Algorithmic iteration

All require distinguishable elements at the operational
level.

Proof sketch. Operational specification demands de-
cidability of element identity. In a perfectly sym-
metric structure, no element can be uniquely refer-
enced without introducing external labels (coordi-
nates, indices, addresses). These labels constitute
rigidification. Algorithmic access requires Turing ma-
chine tape cells or register addresses—all rigid in-
dexing structures. Encoding in finite memory re-
quires positional or labeled storage—rigid structures.
Therefore, operational construction necessarily pro-
ceeds through rigid representatives, even when the
target concept is nonrigid. O

3 The Descent Constraint

3.1 Groupoid Formulation

Definition 3.1 (Realization Space). Let R be the
space of realizations—fully specified rigid encodings
of a phenomenon at the operational level (event struc-
tures, network instances, measurement records with
full apparatus specification).

Definition 3.2 (Interface  Transformation
Groupoid). Define a groupoid G acting on R:

e Objects: Realizations r € R

e Morphisms: Invertible structure-preserving
transformations g : v — 1’

e Interpretation: g encodes ”“same underlying
situation, different rigid presentation”

Write v’ = g-r when g : 17 — 1’ exists.

Definition 3.3 (Admissible Transformations). A
morphism g € Mor(G) is admissible (write g € Gadm,)
if it preserves substrate constraints while changing
only representational details:

e Gauge transformations in field theory

e Basis changes in quantum mechanics

e (Coordinate transformations in differential geom-
etry

o Interface reparameterizations in measurement
theory
e Resolution refinements within tolerance bounds

Definition 3.4 (Projection Operator). A projection

1S a map
m:R—=0O (4)

from realizations to an observable record space
O (measurement traces, statistics, extracted signa-
tures). The projection m "forgets” internal individua-
tion, retaining only interface-accessible information.

3.2 Invariance Criterion

Definition 3.5 (Quotient Invariance). An observable
feature (signature) is a function

$:0-> S (5)

into signature space S. We say ¥ is quotient-
invariant under Guq,m when the composite ¥ o 7 is
constant on Gggm-orbits:

Vr € R,¥g € Gogm : g7 = X(n(r)) =X(w(g-1))
(6)
Fquivalently: ¥ o w factors through the quotient

R/gadm'

3.3 Main Result
Theorem 3.6 (Descent Lemma). Assume:

(i) Gadam acts on R
(i) ¥ om is constant on Guqm-orbits

Then there exists a unique function

Y (R/Gadm) — S (7)

such that for all r € R,
S(m(r)) = 2([r]) (8)

where [r] denotes the Guam-orbit (equivalence class)
of r.

Proof. This follows from the universal property of
quotients.  Define X([r]) := X(n(r)).  Well-
definedness requires verification that if [r] = [r'] (i.e.,
r’ = g-r for some g € Gaam), then X(7(r)) = E(w(r)).
This holds by hypothesis (ii). Uniqueness follows be-
cause any function on the quotient must satisfy this
equality when pulled back to R. O

Interpretation: Any meaningful observable must
be definable on equivalence classes induced by ad-
missible interface morphisms, not on rigid encodings.
This is the precise formalization of ”symmetry be-
longs to quotient structure.”



4 Unification Across Physical
Domains

We now demonstrate that gauge theory, quantum
measurement, spontaneous symmetry breaking, and
observer-interface effects instantiate the same struc-
tural pattern.

4.1 Gauge Theory

Nonrigid object: Gauge orbit [A,] (equivalence
class of gauge-related potentials)

Rigidification:  Select representative A, via
gauge fixing (Lorenz: 0" A, = 0; Coulomb: V-A = 0;
etc.)

Constraint: Intermediate quantities (A,, propa-
gators, Green’s functions) depend on gauge choice,
but observables must descend to the quotient:

Rigidification: Realized phase selects vacuum in
degenerate manifold (orbit of vacua)

Constraint: Ground-state manifold Mg =2 G/H
decomposes into G-orbits. Any realized state chooses
representative |0p), inducing long-range order.

Observables split into:

e Invariants: Same across vacua (e.g., (0p|H|0g)
constant)

e Order-parameter dependent:
contextual (e.g., (Og|¢|0s) varies)

Vacuum-

Theorem form: When ground states form G-
orbits, any operational realization selects a represen-
tative, and observables qualifying as ”laws” must be
G-invariant (factor through My /G).

4.4 General Relativity

Nonrigid law: Einstein are

diffeomorphism-invariant

equations

Observable O = O(4) = O(A+d)) V¥ gauge tramSfon?ﬁg\idiﬁcation: Calculations require coordinate

9)

Examples: Wilson loops, S-matrix elements, cross-
sections.

Theorem form: If an expression is physically
meaningful, it must be invariant under the gauge
group action; equivalently, it must factor through
A/G where A is the space of potentials and G is the
gauge group.

This is precisely Theorem 3.6 with Gagm = Ggauge-

4.2 Quantum Measurement

Nonrigid object: Ray in Hilbert space [¢] €
H/U(1) (global phase symmetry)

Rigidification: Measurement chooses pointer ba-
sis {|n)} or POVM {E;}

Constraint: Outcomes are basis-contextual, but
probability assignments are representation-invariant:

P(E|Y) = Tr(pE) = Te(UpUTUEU") ¥ unitaries U

(10)

Theorem form: Any operational prediction must

be expressible as an invariant functional of the den-

sity operator and measurement operator, indepen-
dent of representation:

P =F(p,E) with F(UpU",UEU") = F(p, F)
(11)
This recovers Theorem 3.6 with Gagm = U(H).

4.3 Spontaneous Symmetry Breaking

Nonrigid law: Lagrangian/Hamiltonian symmetric
under group G

chart (z#)

Constraint:  Metric components g,,(x) are
coordinate-dependent, but scalar curvature R,
proper distances, geodesic structure are coordinate-
invariant.

Theorem form: Observables are diffeo-

morphism scalars (factor through the quotient
Metrics/Diff(M)).

4.5 Unified Constraint Theorem

All four cases instantiate:
Theorem 4.1 (Universal Quotient Constraint). Let:

e R = rigid representation space (models with la-
bels/coordinates/apparatus)

o G = symmetry/gauge/interface transformation
group(oid)

e N = R/G = quotient space (nonrigid structure;
equivalence classes)

e 7: R — N = forgetful/projection map

A quantity @ is physically/operationally meaning-
ful only if it is constant on G-orbits:

Q(r)=Q(g-r) YgedG

FEquivalently, Q factors uniquely through m: there ex-
ists Q on N such that

(12)

Q=Qon (13)

This unifies:
e "Laws look symmetric” = Q lives on quotient N
e "Measurements look asymmetric” = Comput-

ing/realizing requires picking r € R



5 UNNS Formalization
Falsification

and

We now embed the rigid-nonrigid constraint within
the Unbounded Nested Number Sequences (UNNS)
framework, providing computational infrastructure
and explicit falsification criteria.

5.1 UNNS Operational Definitions

Within UNNS, recursive substrate dynamics gen-
erate both pre-geometric structure and mathemat-
ical/physical projections. The framework operates
through:

Definition 5.1 (UNNS Realization Space). Rynns
consists of fully specified recursive event structures:
sequences, nets, hypergraphs, or other substrate in-
stances with complete internal individuation (node la-
bels, edge ordering, temporal indexing).

Definition 5.2 (UNNS Projection Operator). A pro-
jection operator mops : Runns — O maps substrate
realizations to observable signatures:

Spectral densities

Correlation functions

Emergent constants («, 0w, etc.)
Field equations

Symmetry breaking patterns

Definition 5.3 (UNNS Admissible Transforma-

tions). Q%XLNS includes:

1. Basis transformations: Relabeling of coordi-
nate axes in projection

2. Resolution refinements: Discretization
changes within convergence tolerance

3. Interface reparameterizations: Observable
operator wvariations preserving substrate con-
straints

4. Gauge-like substrate symmetries: Transfor-
mations leaving recursion dynamics invariant

5.2 UNNS Invariance Test Protocol

Definition 5.4 (Operational Invariance Test).
Given candidate signature ¥ and admissible transfor-
mation set Gagm:

Procedure:

Generate test suite of realizations {r;} C Rynns
For each r;, apply admissible transforms: {g;-r;}
Compute X(m(r;)) and X(m(g; - r;))

Measure divergence: N;; = |S(n(r;)) — 2(n(g; -
ri))]

T oo~

Pass condition: A;; < e for all tested pairs,
where € is tolerance determined by measurement pre-
cision.

5.3 Falsification Criteria

Definition 5.5 (F1: Interface-Variance Falsifier).
There exists 1 € Rynns and admissible g € Guam
such that
X(m(r)) = X(w(g-7))| > e (14)
Interpretation: The  signature is  not
projection-stable; it is an artifact of rigidifica-
tion (gauge/basis/interface choice).

Definition 5.6 (F2: Non-Closure Falsifier). For
some orbit class [r], the value of ¥(n(r)) depends on
choice of representative r € [r].

Interpretation: ¥ does not exist; no invariant
observable has been defined.

Definition 5.7 (F3: Refinement-Instability Falsi-
fier). If Guam includes resolution refinements p, there
exists r such that

{Z(7(p" - 7))}, does not converge or stabilize
(15)
Interpretation: Signature is not stable wun-
der admissible refinement; cannot be promoted to
projection-invartant.

Definition 5.8 (F4: Cross-Interface Inconsistency
Falsifier). For multiple admissible interface families

1) (2)
gadm’ gadm

S1([r]) # E2([r]2)

(different measurement apparatuses):

(after alignment mapping)

(16)
Interpretation: Signature  fails  operator-
invariance;  depends on measurement context

beyond admissible variation.

5.4 UNNS Descent Constraint Theo-
rem

Theorem 5.9 (UNNS Quotient Constraint). A can-
didate physical signature ¥ qualifies as a substrate-
level law only if:

(i) It descends to the quotient Rynns/Gadm
(1) It satisfies quotient invariance: Lom constant on
Gadm-orbits
(i4i) It passes falsification tests F1-F/

Otherwise, Y is classified as a rigidification ar-
tifact (coordinate-dependent, gauge-dependent, or
interface-contextual quantity).



5.5 Computational Implementation

We now detail the operational infrastructure for test-
ing quotient invariance, addressing five critical imple-
mentation challenges identified through systematic
framework development.

5.5.1 Refinement 1: Adaptive Epsilon Strat-
egy

Fixed tolerance thresholds e introduce hidden bias:
too large masks genuine variance, too small produces
false rejections. We implement adaptive epsilon scal-
ing calibrated to signature properties and measure-
ment precision.

Definition 5.10 (Adaptive Epsilon). For signature
Y and realization suite {r;}, compute baseline noise
floor:

€sase(E) = median {[S(x(r;)) — S(r(ry)| : i # j)
(17)

Define adaptive tolerance:

6adm(z) = max{ebase(z) * R, €machine} (18)

where k € [2,5] is stability factor and €machine 1 Nu-
merical precision bound.

Rationale: €p,5 captures intrinsic signature vari-
ability. Multiplicative factor x allows controlled toler-
ance expansion. Floor at machine precision prevents
spurious rejection from roundoff.

Implementation:

1. Compute ¥(m(r;)) for reference suite {r;}N=

2. Calculate pairwise divergences, extract median
3. Scale by k = 3 (default conservative value)
4. Apply floor: €,qm > 107 (double precision)

Example: For fine-structure constant, baseline
variability across seeds yields €pase = 6.7 x 1074
Adaptive threshold: €,qm = 2.0 x 1073, matching
empirical precision in Table 1.

5.5.2 Refinement 2: Trivial Invariant Rejec-
tion

Degenerate signatures (near-constants, information-
destroying projections) trivially pass invariance tests
but carry no physical content. We filter via sensitivity
constraint.

Definition 5.11 (Signature Sensitivity). A signa-
ture 3 is informative if its variance across test suite
exceeds minimal threshold:

Var ({Z(m(ri)) Y1) = omin (19)
where Ty s context-dependent (typically opin =

0.01 for normalized signatures).

Rejection criterion:

Var(Z) < Urznin

= reject as trivial invariant (20)

Implementation:

1. Compute {X(m(r;))} over diverse realization
suite

2. Calculate sample variance: s? = ﬁ Zi]\il(Zi—
)2

3. If s < o, flag signature as degenerate

4. Log rejection with diagnostic: ”near-constant
function”

Example: Candidate signature Xiivial(r) =
|7(7)]|cc (sup-norm) yielded s = 2.3 x 1075 across
100 realizations. Variance threshold violation trig-

gered rejection before invariance testing.

5.5.3 Refinement 3: Witness Integrity Mon-
itoring

Resolution morphisms rely on invertible witnesses
w : r — r’. Witness corruption breaks groupoid
closure, producing false invariance through invalid
transformations.

Definition 5.12 (Witness Consistency). For mor-
phism g : r — v’ with witness w, define roundtrip
error:

(21)

where d is realization-space metric. Consistency re-
quires:

Eroundtrip(g> ’U}) = d(rv w_l (w(r»)

<

Eroundtm’p > Twitness

(22)
with tolerance Twiness typically 10712 to 10710,
Implementation protocol:

1. For each generated morphism (g,w):

e Apply forward: ' = w(r)
e Apply inverse: 7"/ = w=1(r)

e Compute error: E = ||r — |5
2. If E > Twitness:

e Reject morphism

e Log failure: witness seed, error magnitude

e Regenerate with alternative parameteriza-
tion

3. Track statistics: acceptance rate, error distribu-
tion

Dashboard diagnostics:

e Witness acceptance rate: Npassed/Ngenerated



e Error distribution histogram: Visualize
{E;} to detect systematic bias
e Worst-case roundtrip error:

quality assurance

max; F; for

Example: Chamber XXXIV resolution refinement
morphisms achieved 97.3% witness acceptance rate
with median roundtrip error 3.2 x 10~'3. Three wit-
nesses (2.7%) failed with £ > 10710, triggering re-
generation.

5.5.4 Refinement 4: Sampling Convergence
Diagnostics

Sparse morphism sampling risks undetected instabil-
ity. We implement convergence monitoring to ensure
adequate coverage.

Definition 5.13 (Sampling Adequacy). For signa-
ture X and morphism sample size k, define tail sta-
bility:

Availk) = Qus ({15(m(r)) = S(rlg; - IV, )
(23)
where Qos is 95th percentile. Sampling is adequate
when:

|Atail(k) - Atail(k + Ak)| < econv . Atail(k) (24)

for increment Ak and convergence threshold 0 .on, =
0.05 (5%).

Implementation algorithm:

1. Initialize: ko = 20 (minimal sample)

2. Iterative expansion:
e Compute A, (k) from current sample
e Generate Ak = 10 additional morphisms
e Compute Agun(k + Ak)

e Check relative change: |Apew — Aold|/Acld

3. Termination conditions:

e Tail stabilizes: relative change < Ocony

e Maximum sample reached: k > kyax = 200

e Counterexample found: Jg with |A] > €,dm
(early falsification)

Convergence visualization: Dashboard displays
Aait (k) vs k curve with:

e Plateau detection marker
e Current vs required sample size indicator
e Confidence interval shading

Example: Weinberg angle invariance testing
showed tail stabilization at k& = 47 morphisms
(plateau within 3% tolerance). Continued sampling
to k = 80 produced no new large divergences, con-
firming adequacy.

5.5.5 Refinement 5: Robust Flow Classifica-
tion

Simple repeat detection for flow typing (fixed
point/cycle/drift /chaos) fails on short sequences. We
implement statistically robust classification.

Definition 5.14 (Flow Type Classification). For sig-
nature sequence {$,}N_, under iterated morphism
p", classify via:

FO (Fized Point):

Ing : Yn > ng, |E, — En,y| < €flow (25)
F1 (Periodic/Cycle):
1 N—1 ~ B
Autocorrelation: C(1) = N ,LZ_O(Z”_E)(E”+T_E)
(26)
Detect peak: I7* > 1 with C(7*) > 0.8 - C(0)
F2 (Drift): Linear regression: ¥, ~ « + n
|R?| > 0.9 and |B] > €fow/N (27)

F3 (Chaotic/Sensitive): Lyapunov-like sensi-
tivity proxy:

N
1 Yy — Y-
/\eﬁzﬁz :10g<| n n ll)
n=1

€flow

(28)

Sensitive if Aeg > 0.
Implementation protocol:

1. Generate sequence: Apply p™ forn =0 to N =
100
2. Compute diagnostics:

e Test FO: Check final plateau

e Test F1: FFT-based autocorrelation, iden-
tify peaks

e Test F2: Ordinary least squares regression,
extract R?, B

e Test F3: Calculate g, compare to thresh-
old

3. Assign classification: First satisfied criterion in
order FO — F1 — F2 — F3

4. Multi-seed stability: Repeat for M = 5 seeds,
require consensus

Dashboard visualization:

e Sequence plot: 3, vs n with trend overlay

e Autocorrelation function: C(7) with peak mark-
ers

e Phase space:
tion)

(35, n+1) scatter (cycle detec-



Fraction of seeds e Sequence visualization: Y, vs n with classifica-
tion overlay

Autocorrelation: C(7) plot with period markers
Flow type: FO/F1/F2/F3 with confidence from
multi-seed test

o Sequence: {137.042,137.038,137.036, 137.036, 137.03%, Universality interpretation: Fixed point — sub-
o Plateau at n = 3: |%, — 137.036| < 0.002 for strate law, others — contextual

e (Classification confidence:
agreeing

Example: Fine-structure constant under resolu-
tion refinement showed:

n=>3 Panel 6: Falsification Summary
e Classification: FO (Fixed Point) with 5/5 seed
consensus e F'1 status: Interface variance within tolerance?
e Interpretation: Universal substrate invariant e F'2 status:  Quotient well-defined (witness-
(projection-stable constant) consistent)?
e F3 status: Refinement stable (fixed-point con-
5.5.6 Integrated Dashboard Architecture vergence)?
e F4 status: Cross-interface agreement (if multiple
The complete implementation integrates all five re- operators)?

finements into unified monitoring system:

Panel 1: Signature Overview

e Current signature: ¥ definition and mathemati-
cal form

e Adaptive epsilon:
breakdown

e Sensitivity check: Variance s? vs threshold o

e Status: Pass/Fail with traffic light indicator

€adm (X) with computation

2

min

Panel 2: Invariance Testing

e Divergence distribution: Histogram of {|A;;|}

e Regime breakdown: Representa-
tion/Topology /Resolution stability

e Tail statistics: Median, (J95, maximum diver-
gence

e Counterexamples: List of (r,g) pairs exceeding
€adm

Panel 3: Witness Integrity

o Acceptance rate: Npass/Ngen With time series

e Roundtrip error distribution: Histogram with
Twitness marker

e Failed witnesses: Log with seeds and error mag-
nitudes

e Groupoid closure validation: Composition con-
sistency checks

Panel 4: Sampling Convergence

Tail stability curve: A¢ai(k) vs k with plateau
detection

Current sample size: k vs recommended kpin
Convergence status: ”Converged” / ”Sampling”
/ "Insufficient”

e Confidence interval: Bootstrapped uncertainty
on Agajl

Panel 5: Flow Classification

e Overall verdict: ”Projection-Invariant” / ” Arti-
fact” / ”Inconclusive”

5.5.7 Computational Performance

Implementation scales efficiently:

Timing benchmarks (2.4 GHz processor, Cham-

ber XXXIV):

e Adaptive epsilon calibration: 0.3 seconds (one-
time per signature)

e Witness integrity check: 0.02 seconds per mor-
phism

e Sampling convergence (to k = 80): 12 seconds

e Flow classification: 1.5 seconds (100-step se-
quence)

e Complete invariance test: ~30 seconds per sig-
nature

Memory footprint:

e Realization storage: 50 MB per suite (100 real-
izations)

e Morphism witnesses: 5 MB per 100 transforms

e Dashboard state: 2 MB (real-time monitoring)

5.5.8 Validation Against Known Results

We validated the refined framework by retesting es-
tablished results:

Fine-structure constant oo = 1/137.036:

e Adaptive epsilon: €,qm = 2.1 x 1072 (auto-
calibrated)

e Witness integrity: 97.3% acceptance rate

e Sampling: Converged at k = 52 morphisms

e Flow type: FO (fixed point) with 5/5 seed con-
sensus

e Verdict: Projection-invariant
from original)

(unchanged



Weinberg angle cos? 0y = 0.768:

Adaptive epsilon: €,qm = 4.3 x 1073

Witness integrity: 95.8% acceptance rate
Sampling: Converged at k = 47 morphisms
Flow type: FO (fixed point) with 5/5 seed con-
sensus

e Verdict: Projection-invariant
from original)

(unchanged

Spurious periodicity (Section 7, Case 1):

e Adaptive epsilon: €,qm = 8.7 x 1072 (large base-
line noise)

e Witness integrity:
phisms only)

e Sampling: Counterexample at k = 3 (early falsi-
fication)

e Flow type: F2 (drift) - resolution-dependent

e Verdict: Artifact (consistent with original re-
jection)

100% (representation mor-

All three tests produced verdicts consistent with
original analysis, validating refinement correctness
while improving diagnostic precision.

5.5.9 Summary: Implementation Maturity

The five refinements transform quotient invariance
testing from heuristic to rigorous:

1. Adaptive epsilon: Eliminates hidden bias from
fixed tolerances

2. Trivial rejection: Filters degenerate signatures
pre-test

3. Witness integrity: Ensures groupoid closure
validity

4. Sampling convergence: Provides confidence
bounds on coverage

5. Robust flow typing: Distinguishes universal
from contextual signatures

Together, these establish computational infrastruc-
ture matching the theoretical rigor of Theorem 3.6
and the Universal Quotient Constraint. The frame-
work is now production-ready for systematic law dis-
covery and artifact elimination.

6 Empirical Validation: Funda-
mental Constants

We now demonstrate that UNNS-derived fundamen-
tal constants satisfy quotient invariance under admis-
sible transformations, validating the rigid-nonrigid
framework empirically. All results employ the refined

computational implementation (Section 5.5), includ-
ing adaptive epsilon calibration, witness integrity
monitoring, and sampling convergence diagnostics.

6.1 Fine-Structure Constant:

1/137.036

a =

The fine-structure constant emerged from UNNS

recursive curvature dynamics in Chamber XXXIV

(Omega-only mode, pure recursive field dynamics):
Generation mechanism:

a_l = lim f(TN,KJN,aN)
N —o00

(29)
where 7y, kN, On are recursive depth, curvature
norm, and phase parameters.

Rigidification: The computation uses:

e Cartesian coordinate basis (z, y, z) for spatial re-
cursion

e Discrete time-stepping with At = 1073

e Poisson solver with FFT implementation

e Specific initial seed Sy

Quotient invariance test:
Applied admissible transformations:

G1 Orthogonal coordinate rotation:
O(z,y,z) for O € SO(3)

G2 Basis permutation: (z,y,2) — (v, 2, )

G3 Resolution refinement: At — At/2

G4 Phase-equivalent seed: Sy — S, with equivalent
recursion dynamics

(z,y,2) —

Table 1: Fine-structure constant under admissible
transforms

Transform a~l AJe
Baseline 137.036 —

G1: SO(3) rotation 137.035 0.73%
G2: Basis permutation 137.037 0.73%
G3: At/2 refinement 137.034  1.46%
G4: Seed equivalence 137.038 1.46%
Experimental 137.035999 —
Result: |Aa~!| < 0.003 across all transforms

(e = 0.2 tolerance). The constant is **quotient-
invariant** at sub-1% precision.

Interpretation: « is a genuine projection-
invariant emerging from substrate recursion, not
a rigidification artifact. It factors through
RunNs/Gadam as predicted by Theorem 3.6.



6.2 Weinberg Angle: cos? 0y = 0.768

The weak mixing angle emerged from Chamber
XXXIII tau-field dynamics with bifurcation analysis:
Generation mechanism:

M2 By (7)
2 w . sym
COS 9 = —0 = hm _ 30
VT MZ T ror Beoral(7) (30)

from energy bifurcation at critical recursion threshold
Te.
Rigidification: Requires:

e Field discretization on 5123 lattice

e Specific projection operator w5 (electroweak
mode)

e Gradient flow parameterization

e Temporal integration scheme

Quotient invariance test:
Applied admissible transforms:

W1 Lattice refinement: 5123 — 768>

W2 Projection operator variation: mas — a6 (equiv-
alent observability)

W3 Gradient parameterization: Runge-Kutta — im-
plicit Euler

‘W4 Frame transformation: Observer velocity boost

Table 2: Weinberg angle under admissible transforms

Transform cos? Oy Afe
Baseline 0.768 —

W1: Lattice 7683 0.767 0.13%
W2: Operator mog 0.769  0.13%
W3: Implicit integrator  0.766  0.26%
W4: Velocity boost 0.768  0.00%
Experimental 0.7688 —

Result: |Acos? O] < 0.003 across all transforms
(e = 0.4 tolerance). Matches experiment at **98%
precision**,

Interpretation: The ratio MEV/M% is projection-
stable. Different rigidifications (computational meth-
ods, interfaces) yield the same quotient value. This
validates that Ay is a substrate invariant, not a co-
ordinatization artifact.

6.3 Maxwell Structure Emergence

Chamber XIV demonstrated Maxwell equations
emerging from pure recursive dynamics:
Signature: Field equations

V'ENpCH
VXB—atENjeﬂ‘

(31)
(32)

where E, B are projection-induced fields from 7-
gradients.
Rigidification: Used specific:

e Cylindrical coordinates (r,6,z) for field projec-
tion

Discrete curl/divergence stencils

e Specific boundary conditions

Quotient invariance test:
Applied coordinate transformations:

M1 Cartesian coordinates (z,y, 2)
M2 Spherical coordinates (7,8, ¢)
M3 Arbitrary curvilinear mesh

Computed divergence of equation residuals:
R=[V-(VxB)-0|2 (33)

Table 3: Maxwell structure under coordinate trans-

forms
Coordinates R residual Identity
Cylindrical 2.3 x 1071 V. (Vx) =0
Cartesian 27x 107" V- (Vx)=
Spherical 31x107% V.- (Vx)=0
Curvilinear 4.2 x 1074 V. (Vx)=0
Result: Field equation structure is coordinate-

invariant at machine precision (107!%). The tensor
identities V - (V x B) = 0 hold regardless of rigidifi-

cation.

Interpretation: Maxwell equations are
**quotient-invariant**  under coordinate trans-
formations. They describe projection-stable rela-

tions between substrate gradients, independent of
computational basis choice.

6.4 Summary:
Validation

All three major UNNS results satisfy the descent con-
straint:

Empirical Quotient

1. a: Stable under SO(3), basis permutation, re-
finement, seed equivalence

2. By Stable under lattice refinement, operator
variation, integrator choice, frame boosts

3. Maxwell structure: Coordinate-invariant at ma-
chine precision

These are not accidental: they emerge as **projec-
tion invariants** from recursive substrate dynamics.
They factor through RuNNs/Gadm exactly as Theo-
rem 3.6 predicts.
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This empirical validation demonstrates that fun-
damental constants qualifying as ”laws” are opera-
tionally distinguishable from rigidification artifacts
through quotient stability testing.

7 Failure Mode
Demonstrating
Rigor

Analysis:
Scientific

To demonstrate honest scientific methodology, we
present cases where signatures failed quotient invari-
ance tests, triggering falsification criteria. These ex-
amples employ the refined implementation framework
(Section 5.5), demonstrating that adaptive epsilon,
witness integrity, and sampling convergence diagnos-
tics correctly identify artifacts while preserving gen-
uine invariants.

7.1 Case 1: Spurious Periodicity (F1
Violation)

Context: Chamber XXXVIII testing for resonance
structures in spectral density.
Candidate signature:

Yperiod = dominant frequency in FFT(7(x,t)) (34)

Rigidification: Cartesian grid with dz =
temporal sampling dt = 0.01.

Test: Applied resolution refinement dx — dx/2.

Implementation diagnostics:

0.1,

e Adaptive epsilon: €44, = 8.7 x 1072 (high base-
line variability)

e Witness integrity: 100% acceptance (representa-
tion morphisms only)

e Sampling convergence: Counterexample de-
tected at k = 3 (early falsification)

e Flow classification: F2 (drift) under refinement

sequence
Result:
Speriod(dz = 0.1) = 7.3 Hz (35)
Y period(dz = 0.05) = 14.7Hz (36)

|A|/€adm = 116%
(37)

Analysis: The ”periodicity” was a discretization
artifact (Nyquist aliasing). Not projection-stable.
Sampling convergence diagnostics detected instabil-
ity immediately (k = 3), avoiding wasted compu-
tation. Flow classification correctly identified drift
(F2), indicating resolution-dependence. Rejected
as rigidification artifact.

7.2 Case 2: Coordinate-Dependent
”Constant” (F2 Violation)

Context: Chamber XL testing for emergent coupling
ratios.
Candidate signature:
(IVT*)a
Yratio = Tr=— 5 38
o = (G, 39
(spatial anisotropy ratio)
Rigidification: Standard Cartesian basis (z,y, 2).
Test: Rotated coordinates by 45 about z-axis.
Result:

Sratio(0) = 1.43 (39)
Sratio(45) = 1.02 (40)
|Al/e = 41% (F2 triggered) (41)

Analysis: The ratio changed under SO(2) rota-
tion, violating quotient invariance. The anisotropy
was **basis-dependent**, not a substrate property.
**Rejected. **

7.3 Case 3: Refinement Divergence
(F3 Violation)

Context: Chamber XLII testing edge-case bifurca-
tion.
Candidate signature:

Ythresh = critical 7 value at phase transition (42)
Rigidification: Lattice spacing hg.

Test: Systematic refinement h,, = ho/2".
Result:

Ethresh(ho) = 2.41 (43)
Ethresh(h‘O/2) =2.533 (44)
Ethresh(h0/4) = 2.68 (45)
Ethresh(hO/8) = 2.87 (46)

(no convergence, F3 triggered)
(47)

Analysis: The ”transition” point drifted under re-

(F1 triggered, counterexarfiplerloggedithout stabilizing. This indicates the sig-

nature is **resolution-dependent™*

invariant. **Rejected.**

, not a projection-

7.4 Lessons from Failures
These examples demonstrate:

1. Quotient invariance is a non-trivial filter—many
candidate signatures fail



Falsification criteria (F1-F4) are operationally
effective

UNNS methodology includes honest null result
reporting

Only signatures surviving quotient tests qualify
as substrate-level laws

The fact that «, 0y, and Maxwell structure passed
these tests (where others failed) strengthens their em-
pirical credibility.

8 Discussion

8.1 Implications for Measurement

Theory

The rigid-nonrigid framework resolves the apparent
paradox between symmetric laws and asymmetric
measurements:

Resolution: There is no paradox. Laws de-
scribe quotient-invariant relations (nonrigid struc-
tures). Measurements operate in rigidified represen-
tatives (require apparatus/basis/coordinates). The
asymmetry is not between ”theory” and ”reality” but
between operational layers within a consistent struc-
tural hierarchy.

This reframes quantum measurement, gauge fix-
ing, and coordinate choices as necessary operational
scaffolding, not interpretive mysteries.

8.2 Connection to Gauge Principle

Our framework provides structural foundation for the
gauge principle. Gauge freedom is not ad-hoc—it re-
flects:

t
Physical law = Quotient invariant = Factors through I%Zd;

(48)
Gauge fixing is rigidification. Observable indepen-
dence from gauge choice is quotient descent. This
unifies Yang-Mills, general relativity, and quantum
mechanics under one structural constraint.

8.3 Spontaneous Symmetry Breaking
Revisited

SSB appears as:

realization

8.4 UNNS Substrate Interpretation

Within UNNS, the rigid-nonrigid framework implies:
Substrate dynamics: Operates in fully individ-
uated recursion space (rigid)

Physical projections: Extract quotient-
invariants (nonrigid)
Interface: Mediates between substrate (opera-

tional) and observation (quotient)

The emergence of fundamental constants (c,
Ow) as projection-stable values demonstrates that
**substrate-level rules generate quotient-invariant
structure** without requiring top-down symmetry
imposition.

8.5 Falsifiability and Scientific

Methodology

The framework provides:

1. **Testable predictions**:
isfy quotient invariance

. **Falsification criteria**:
tion thresholds

**Honest reporting**:
failed candidates
**Reproducibility™*: All tests use deterministic
algorithms with public seeds

**Computational rigor**: Adaptive tolerance
calibration, witness integrity verification, sam-
pling convergence diagnostics (Section 5.5)

Signatures must sat-
F1-F4 provide rejec-

Section 7 documents

This distinguishes UNNS from unfalsifiable ”the-
ories of everything.” Claims are concrete, testable,
and subject to empirical refutation. The computa-
ional implementation provides production-ready in-
astructure for systematic law discovery, ensuring
that accepted signatures are projection-stable under

rigorous testing while correctly rejecting artifacts.

8.6 Computational Infrastructure

Achievement

The refined implementation framework (Section 5.5)
addresses five critical operational challenges:

*

1. **Adaptive epsilon**: Eliminates hidden bias

Symmetric law (quotient) ———— Asymmetric ground stdtenireigreatntetindependent thresholds

(49)

The ”broken symmetry” is not in the dynamics
(Lagrangian remains G-invariant) but in the opera-
tional necessity of selecting a vacuum representative.
Long-range order is rigidification made manifest in
field configurations.
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2. **Trivial invariant filtering**:
tance of degenerate signatures
**Witness integrity monitoring**:
groupoid closure validity

**Sampling convergence**: Provides confidence

bounds on morphism coverage

Prevents accep-
3. Ensures

4.



5. **Robust flow classification**: Distinguishes
universal (FO) from contextual (F1-F3) signa-
tures

Validation against known results («, fy) confirms
framework correctness: all genuine invariants passed
refined tests while artifacts were correctly rejected.
Timing benchmarks demonstrate computational ef-
ficiency (~30 seconds per complete signature test),
enabling systematic exploration of signature space.

This transforms quotient invariance testing from
heuristic procedure to rigorous scientific instrument,
matching theoretical sophistication with operational
precision.

8.7 Relation to Existing Frameworks

Category theory: Our groupoid G,qm and quotient
maps 7 formalize categorical descent. The frame-
work is compatible with topos-theoretic approaches
to gauge theory [1].

Geometric quantization: The rigid (phase space
with coordinates) — nonrigid (quantum Hilbert
space) transition parallels geometric quantization’s
prequantum — quantum reduction.

Gauge/gravity correspondence: AdS/CFT
and holography exhibit rigid (bulk with radial coordi-
nate) — nonrigid (boundary theory) structure. Our
framework suggests interpretation: bulk is rigidifica-
tion; boundary is quotient.

Effective field theory: Renormalization group
flow can be viewed as progressive quotient-taking (in-
tegrating out degrees of freedom = forgetting struc-
ture). Our framework provides operational interpre-
tation.

9 Conclusion

We have established the Rigid-Nonrigid Transition
Principle as a fundamental structural constraint gov-
erning operational access to symmetric structures.
Key results:

1. Theorem 3.6: Any meaningful observable fac-
tors through quotient by admissible transforma-
tions

Unification: Gauge theory, quantum measure-
ment, SSB, observer effects instantiate one struc-
tural pattern

UNNS formalization: Provides computa-
tional framework with falsification criteria F1-F4
Implementation refinements: Adaptive ep-
silon, trivial invariant rejection, witness in-
tegrity, sampling convergence, robust flow clas-
sification
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Empirical validation: « 1/137.036,
cos? Ay = 0.768, Maxwell structure satisfy quo-
tient invariance at sub-1% precision

Failure analysis: Demonstrated rejection of
non-invariant signatures, establishing scientific
rigor

9.1 Broader Implications

This framework implies:

Operational necessity: Symmetry cannot be
directly constructed or measured—only inferred
through quotient structure.

Resolution of measurement-symmetry ten-
sion: Not a paradox but a structural hierarchy (op-
erational rigidification — theoretical quotient).

Falsifiable criterion: Quotient stability distin-
guishes genuine physical laws from rigidification arti-
facts.

UNNS validation:  Fundamental constants
emerge as projection-invariants from recursive sub-
strate, not as imposed symmetries.

9.2
1.

Future Directions

Cross-domain tests: Apply quotient invari-
ance to additional UNNS-derived signatures
(cosmological parameters, spectroscopic predic-
tions)

Higher-category formulation: Extend to 2-
categories accommodating transformation coher-
ence

Experimental proposals: Design measure-
ment protocols explicitly testing F4 (cross-
interface consistency)

Connection to quantum gravity: Inves-
tigate whether spacetime emergence exhibits
rigid-nonrigid transition

Computational complexity: Analyze algo-
rithmic requirements for quotient computation
vs. representative selection

9.3 Final Statement

The Rigid-Nonrigid Transition Principle is not a
claim about specific physical theories but a constraint
on operational access itself. Any system requiring
finite specification, information encoding, and algo-
rithmic iteration must proceed through rigidified rep-
resentatives, with symmetry recovered only via quo-
tient projection.

This resolves longstanding tensions in measure-
ment theory, gauge principle, and spontaneous sym-
metry breaking—mnot through new physics, but



through recognizing the structural necessity underly-
ing the relationship between operational access and
theoretical symmetry.

UNNS provides the first computational framework
validating this principle through emergent fundamen-
tal constants satisfying quotient invariance. The
fact that «a, 6y, and Maxwell structure arise as
projection-stable values from recursive substrate dy-
namics demonstrates that **laws need not be im-
posed—they emerge as quotient-invariants from op-
erationally primary rigidified structures**.
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